Migraine, a primary headache disorder, with unilateral and recurrent attacks of moderate to severe pain intensity, is the main cause of disability in life. Migraine is manifested with concomitant photophobia, phonophobia and nausea and is associated with an increased risk of chronic degenerative diseases, cardiopathies, psychiatric diseases, neurological disorders, respiratory disorders, hypertension, diabetes, and obesity. The prevalence of migraine, either episodic or chronic, higher in obese individuals may depend on a common etiological factor. Moreover, episodic migraine in obese subjects are influenced by age, race, and sex [1] . Both conditions are linked to the inflammatory processes, through the release of proinflammatory cytokines and neuropeptides. Indeed, a relationship between inflammation and predisposition to migraine has been hypothesized.
unfit to discover hidden fat. Just think that to date, the most used parameter to define and classify overweight and obesity in adults is the Body Mass Index (BMI), the ratio between weight in kilograms and height in meters squared (kg/m 2 ), that does not distinguish between total body fat (TBFat) and total body lean (TBLean), or bone mass. Moreover, the cut-offs of BMI have been chosen arbitrary, it does not consider age, gender and ethnicity.
Therefore, the use of BMI as an index of PBF and diagnosis of obesity may be inaccurate [4] .
A lot of data support the idea that to overcome misclassifications of obese status, direct measurements of PBF, using dual energy x-ray absorptiometry (DXA), appears to be a better tool, respect all the anthropometric evaluations. In fact, in people with normal BMI we demonstrated a wide range of percentage of body fat (PBF), ranging from 5.6 to 31.2% in men and from 4.6 to 51.1% among women. Current research suggests that obesity cut-off points of PBF are in the 23%-25% range in men and 30%-33%-35% range in women.
Anyway, to avoid erroneous classifications, the diagnosis and treatment of obesity can not be separated from a careful general and nutritional history, from the objective examination, from the measurement of biochemical and hormonal parameters, from the measurement of energy expenditure at rest and, above all, from the evaluation of the body composition.
If we analyze the definition of obesity of the World Health Organization (WHO), which identifies obesity as "a pathological condition in which body fat is increased to an extent in which health and well-being are impaired", we can affirm that it is defined precisely by the expansion of adipose tissue, rather than defining it solely on the basis of the increase in body weight [5] . It is in fact in this direction that the research has been oriented in the last decade, focusing precisely on the "adipose tissue". Furthermore, obesity is characterized by a state of chronic low-grade inflammation of the adipose tissue, which acts as a neuroendocrine organ, producing multiple molecules involved in energy homeostasis and inflammation, via the secretion of inflammatory cytokines.
The adipocytes produce and secrete a large number of molecules of a protein nature, collectively called "adipokine". More than 50 are currently identified, but the list is growing day by day, including: cytokines, such as tumor necrosis factor TNF-α, interleukins (IL-1, IL-6, IL-10), Transforming Growth Factor-β (TGF-β), leptin, resistin, adiponectin, visfatin, chemokines, such as IL-8, Monocyte Chemoattractive Protein-1 (MCP-1), alternative complement system proteins, such as adipsin, hemostatic proteins (Plasminogen Activator Inhibitor-1 (PAI-1), proteins involved in the regulation of arterial pressure (angiotensinogen), angiogenic proteins (Vascular Endothelial Growth Factor (VEGF), neurotrophins (Nerve Growth Factor (NGF), acute phase proteins (haptoglobin, Serum Amyloid-A (SAA) metallothionin.
These adipocytokines may be involved in the correlation between obesity and migraine [6] .
To this list can be added the calcitonin gene-related peptide (CGRP) that could represent another link between obesity and migraine. CGRP is a neurotransmitter produced in peripheral sensory neurons and numerous sites of the central nervous system, able to promote immune and inflammatory responses, secondary to vasodilatation, that is increased during acute migraine attacks [7] . Moreover, CGRP possesses diverse biological effects, including the modulation of sensations, learning and memory, food intake, autonomic functions, skeletal muscle motility, and gastrointestinal tract functions.
Furthermore, it has been shown an increase in CGRP levels in obese subjects, recombined with a CGRP/sensory nerve activity at an early stage in the metabolic syndrome [8] .
Therefore, the possibility of evaluating body composition, fat composition and distribution, lipid and glucose metabolism, low-grade inflammation, and genetic makeup, allowed to identify the real phenotype of obesity, with the possibility of personalized treatment [4] .
A key in the study of obesity and related diseases has been offered by our recognition of the Normal Weight Obese Syndrome (NWO) syndrome, which is a typical syndrome with a chronic low-grade inflammation. NWO was defined as subjects with a normal BMI (18.5-24.9 kg/m2) and an excess in PBF, defined by the highest sex specific tertiles of PBF (23.1% in men and 30-33.3% in women), with a reduced muscle mass and an increase in fat mass, predisposing to the risk of chronic degenerative diseases. The cardiovascular disease risk indexes are significantly elevated, and some inflammatory parameters were altered. The increase of TNF-α, IL-1α, IL -1β, IL -6, IL -8 supports the hypothesis that the syndrome is characterized by an early inflammatory state. Moreover, single nucleotide polymorphisms in some of the genes for the mediators of inflammation discriminate the NWO subjects from healthy people [4, 9] .
Since it has been demonstrated an association between migraine and proteins mainly secreted by adipose tissue capable of contributing to energy homeostasis and neuroinflammatory processes, it is important to find a further factor that may explain the exacerbation of headaches in non predictable situation [10] .
The microbiota could be the connection between inflammation, obesity and headache.
Gut microbiota plays an important role in host physiology. Indirect effects of the gut microbiota on the innate immune system can result in alterations in the circulating levels of pro-and anti-inflammatory cytokines that directly affect brain function, especially areas such as the hypothalamus, where IL-1 and IL-6 provide a potent release of corticotrophin releasing hormone (CRH), a regulator of the hypothalamic-pituitary-adrenal axis (HPA), which itself provides another bidirectional route of communication.
Dysbiosis and dysregulation of the microbiota-gut brain axis have been implicated in gastrointestinal disorders, inflammatory diseases, metabolic disorders and neurological disorders, such as general anxiety disorder, depression and autism. Moreover, a higher prevalence of headache was found in individuals with gastrointestinal (GI) disorders, as reflux, diarrhoea, constipation and nausea [11] .
The vagus nerve has both efferent and afferent divisions, and plays a fundamental role in enabling signals from brain to gut and vice versa. Exposure to stress, defined as "a state of threatened homeostasis", can impair a number of functions and induce GI and mental disorders, such as anxiety.
A randomized sham-controlled trial with noninvasive vagus nerve stimulation (nVNS) demonstrated effective benefits as pain relief in episodic migrainers, reversing the elevation in extracellular glutamate, and facilitating central inhibition in the trigeminovascular system [12] .
As anxiety disorders are strongly associated with migraine, obese subjects are prone to anxiety and chronic, disabling migraine, the inflammatory status affected the equilibrium of the psycobioma, this full circle coul be significant for the potential implications regarding the pathogenetic link of these conditions.
It has been highlighted that probiotics produce a variety of neurochemicals, analogues of hormones involved in mood and behaviour, and play a therapeutic potential deriving from modulation of gut composition in such conditions.
Therfore we investigated the role of psychobiotics in NWO subjects. In our previous study, NWO subjects highlighted body dissatisfaction and drive for thinness [13] . Moreover, they are prone to anxiety. In these conditions, we observed a significant improvement of the orocaecal transit time and gastrointestinal symptoms after three-week intake of selected psychobiotics, that are able in the meantime to modulate body composition, and psychopathological scores of NWO subjects [14, 15] . In obese subjects, significant improvements in migraine frequency were demonstrated after weight loss [3] than probiotics treatment [16] .
Restoring the integrity of the intestinal barrier with probiotics such disorders of the brain, involving depression, anxiety, frequency and intensity of migraine attack, have been reduced, with a bidirectional modulation of gut microbiota and brain function, through the decrease of inflammatory reactions.
In conclusion, emerging research data suggest the use of probiotics could be a suitable therapeutic intervention for depression and related disorders, involved in the regulation of neuroinflammation, neuroendocrine stress response. Further large-scale randomized placebo-controlled trials to confirm efficacy and safety of probiotics in patients with migraine headache before arriving at definitive conclusions [17] .
